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Abstract: Falling at speed onto a tarmac surface during running or cycling can cause abrasion and 
laceration of the skin and body tissue. Damage to the body can occur through a textile without perforation of 
the fabric layer by the phenomenon of "skin shear". Skin shear is caused by the impact of the fall pushing the 
fabric into the skin causing high fabric to skin friction that, coupled with the directional movement of the 
fabric, tears the skin and underlying tissue. This paper discusses the development of a new test rig to 
quantify the skin shear effect of different fabrics and combinations of fabric layers in order to rank their 
resistance to causing skin shear.  
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1. Introduction 
 
Motorcycle use in Australia has been increasing steadily over the last 10 years with a 43% increase seen in 
motorcycle sales from 2003 until 2011. One of the markets exhibiting rapid growth was scooters and light 
commuter motorcycles with 176% growth over the 2003-2011 period [1]. As motorcycle use increases so do 
accident rates. There has been a 14% increase in hospital admissions and 8% increase in emergency 
department presentations in Victoria alone for on-road motorcyclists between 2003 and 2004 [2] at the same 
time as there was a 27% increase in new, on-road bike sales [1]. The average injury cost for a motorcycle 
casualty ($99,381) in New South Wales is almost double that of the average road casualty ($52,817) [3]. The 
use of effective personal protective clothing has been shown to reduce this cost and with effective design 
can be used to reduce the severity of motorcycle injuries [4].  
 
75% of motorcycle crashes happen at or below 50km/hr [5]. In motorcycle accidents, the leg is the most 
frequently injured part of the body with between 70-80% of motorcycle accidents involving a leg injury as 
opposed to 56% for arm and 30-40% for hand and feet/ankles [6]. A large number of the injuries sustained 
are grazing or gravel rash that is sustained from sliding or rolling along the ground. These injuries can be 
minimised or avoided by the correct placement of protective elements within the clothing of the rider.  
 
When a body hits the road with force the fabric is pushed into the skin at the same time as it is dragged 
across the skin. The surface roughness, propensity to slip and construction determine the shear force that is 
applied between the fabric and the skin or in the top layer of the skin and body. This shear can cause 
significant damage to the body even though there may be no abrasion contact with the body against the road 
surface. Anacdotal evidence by professional motorcycle racers have suggested that wearing silk clothing 
under a protective leather garment can reduce skin shear. 
 
No test method or test rig currently exists to measure shear forces caused by a garments when in impact 
with a moving abrasive surface. This work examines a way to measure the shear force between a fabric and 
skin. It describes a modified surface abrasion tester that has a simulated skin material attached to a load cell 
to measure shear applied to it. 
 
2. Methods and Materials 
 
The test rig design adopted the motorcycle clothing abrasion tester concept of Woods et al [7] with a load 
sensing device attached to an artificial skin in the space between the test fabric and test head. The belt 
sander converted for this project was a Woodmaster L-80 (Hafco Pty Ltd, Australia). A pivoting arm with test 
head attachment was made to impact with the moving abrasive belt of the belt sander (figure 1). Where (1) is 
an aluminium drive roller (108mm diameter) rotating at 2850 RPM, (2) Is a 60 Grit abrasive belt travelling at 
32m/s (116km/hr), (3)is a pivot arm placed at the end of the test rig. This is raised to the desired test height 
and released onto the moving belt (2), (4) Is a metal test head, (5) Is a load cell for measuring the artificial 
skin deflection and (6) Is the pig leather used for the artificial skin with a thickness of 0.7mm is attached to 
the test head (4) 
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Figure 1. Skin shear tester. 
 
The load cell used was a 3kg single point PTASP6-D (PT Ltd, USA). The load cell was attached to the 
simulated skin via a flexible packing strap 25mm wide and 0.8mm thick. The load cell was calibrated by 
attaching fixed loads to the simulated skin under the measurement head. 
 
Figure 2 shows the geometry for the path of the artificial skin (0.7mm thick pig skin leather) in the test head 
zone. The path of the artificial skin is shown in red. Figure 3 shows the artificial skin coating of the test head. 
A denim coating was applied over the entire test head first using double sided tape for cushioning and then 
the C shaped artificial skin layer was taped to the denim using double sided tape. 
 
 
Figure 2. Test head geometry 
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Figure 3. Artificial skin coating of the test head 
 
3. Results 
 
Initial concept designs of the skin shear test device had the load cell mounted directly above the test head 
with only one direction change for the artificial skin fabric. This design was trialled however the shock loading 
of the load cell due to the impact of the test head with the belt caused irreparable damage to the accuracy of 
measurement. The remote load cell position was adopted for the measurement of artificial skin movement. 
The remote mounting location removed the problem of high shock loading as the load cell displacement due 
to direction change of the pendulum was low. The remote mounting location increased the inaccuracy in the 
measurement due to mass change displacement of the connecting strap and an increased point of direction 
change in the artificial leather. The mass displacement error, seen in the initial part of the measurement in 
figure 4 as a peak before the impact peak was caused by movement of the pendulum into position. Current 
changes are being undertaken to remove this error by supporting the connecting strap however for the tests 
contained in this paper the error was removed from the graph manually by measuring the force of drop effect 
without the belt on and subtracting it from the test results. 
 
Figure 4. Force of artificial skin movement 
 
Figure 5 shows the force of skin shear for a 100% cotton denim fabric on impact from a 300mm drop height. 
The peak loading is low with less than 1.4N recorded in the artificial skin. Some of the skin shear load is lost 
due to stretching of the artificial leather. In future tests this loss due to stretch will be minimised by reducing 
the length of the artificial skin material. When a silk liner fabric was placed onto the inside of the denim test 
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fabric the peak load was reduced to 0.4N. This provides evidence that the test method, although not 
perfectly accurate can differentiate between the coupling effect of two fabrics with different surface texture 
and slip propensity. Further work is required to develop the test method further to obtain repeatability and 
accuracy 
 
 
Figure 5. Force of artificial skin movement after correction 
 
 
4. Conclusions 
 
Results show that skin shear can be quantified by a modified abrasion test rig. Further work needs to be 
undertaken to improve the accuracy of the test rig and to quantify the effects of different fabrics in causing 
skin shear. 
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